The influence of age of onset of Parkinson's disease on the severity and the pattern of motor symptoms was investigated by comparing the motor scores with and without levodopa therapy in two groups of patients divided according to age of onset (early < 50, late > 60 years) and matched for disease duration (n = 69 in each group, Study I). The baseline score, that is, the motor disability of patients when off levodopa, was similar in the early-and late-onset groups. In contrast, the residual motor score, assessed when the effect of levodopa treatment was maximum and stable, was significantly higher in the late onset group. When the two groups of patients were matched, in addition, for their residual motor score (n = 54 in each group, Study II), no difference was observed between the early and late onset groups, except for gait disorder which was more severe in older patients.
There is some evidence that age of onset of Parkinson's disease (PD) influences the course of the disease. The progression of the disability is more rapid in patients with an older age of onset,'2 who have a greater risk of intellectual decline,35 and a reduced response to levodopa treatment. 6 This age-related increase in the severity of the disability may result from more severe degeneration of the nigrostriatal dopaminergic pathway in late onset patients, but it may also be the consequence of more diffuse brain lesions involving non-dopaminergic neuronal systems. In the latter case, it may be asked whether these additional neuronal lesions are part of the pathological process characteristic of PD or whether they result from a superimposed agerelated phenomenon. To answer these questions, we evaluated the severity and the pattem of Parkinsonism in a large group of PD patients according to their age at onset of the disease, with a special reference to the response of motor symptoms to levodopa treatment.
Material and methods A group of 321 patients with Parkinson's disease, mean (SEM), age 63-5 (0 6) years; duration of disease 7-9 (0-3) years, were studied retrospectively. Patients were admitted to hospital for evaluation of motor status and response to levodopa treatment to adjust anti-Parkinsonian therapy. All patients included in this study fulfilled the following criteria:
1) Diagnosis of PD established on the basis of the existence of either akineto-rigid syndrome and/or resting tremor, with a good response to levodopa treatment which remained greater than 10% over time (greater than 25% in 269 cases);
2) Exclusion of Parkinsonian syndrome resulting from Von Economo encephalitis, chronic administration of neuroleptic drugs and degenerative disorders such as progressive supranuclear palsy and multiple system atrophy. Evaluation of motor performance was assessed with a modified Columbia rating scale ranging from 0 to 92 (global score),7 divided into 23 motor subscores with a 0-4 rating each: the akinesia score was composed of eight different items and varied from 0 to 32; tremor and rigidity were each scored from 0 to 20 (5 subscores); speech disorder, gait disorder and postural instability were rated 0 to 4 (1 subscore). For each patient, motor disability was estimated:
3) When off medication, allowing us to measure the baseline motor score (the period of withdrawal of levodopa varied from 18 hours in patients with severe on-off phenomena until six days in the least affected ones); 4) During the "on" state, after levodopa therapy was reintroduced, at the time of the maximal effect of a single supraliminal morning dose, established for each individual as 50 mg higher than the usual morning dose. The "residual motor score", evaluated when patients were "on", was considered to reflect symptoms unalleviated by levodopa.'
The influence of age of onset on Parkinsonism was first assessed on the whole group of 321 patients. To study the role of ageing on the pattern of motor disability, the individual motor subscores were compared in two groups of patients (n = 69 in each group) according to age of onset of the disease (early onset group: <50 years; late onset group: >60 years) and matched for the duration of the disease (study 1). The same patients were then matched for the residual motor score under When the young-and late-onset groups of study 1 were matched in addition for their residual motor scores, the global residual score and the various subscores were similar in the young-and late-onset groups, except for gait disorder which was more severe in older patients (table 3) . 
Discussion
The design of the study made it possible to investigate specifically the effect of age of onset of the disease on the motor pattern of Parkinsonism. Although the patients were matched only for duration of the disease, no differences were observed for the global baseline motor score (that is, the motor score evaluated in the off state) or for any of the individual motor subscores between the young and late onset groups (table 2) . This suggests that Parkinsonism was similar in the two groups. Possible variations in the baseline state cannot be excluded but should not interfere markedly with motor scoring since disability was evaluated only when the Parkinsonian symptoms were the most severe and stable over time.
Age at onset ofthe disease mainly affected the response to levodopa therapy as indicated by:
1) The negative correlation between age of onset of the disease and the percentage improvement induced by levodopa (fig 1) , although several patients with a late age at onset improved to the same extent as younger patients;
2) The higher residual motor score under levodopa therapy in the late onset group (table  2) . It may be argued that the residual motor score (assessed when the effect of levodopa was maximum) depended on the dose used. However, the single dose of levodopa administered before motor scoring was supraliminar (see methods). These results suggest that young-and late-onset patients are disabled to the same extent after similar periods of evolution of the disease but older patients have symptoms less responsive to levodopa therapy.
Blin, Dubois, Bonnet, Vidailhet, Brandabur, Agid What is the undertying pathophysiological significance of these results? It has been proposed that the residual motor score, which is the part of the motor score not alleviated by levodopa treatment, reflects non-dopaminergic lesions in the brain.910 In the same way, the levodopa responsive score, which is the part of the motor score alleviated after administration of a supraliminar dose of levodopa (the difference between baseline and residual score), is an index of levodopa-sensitive symptoms thought to reflect the lesion of dopaminergic neurons. The fact that the residual motor score was higher and that the amplitude of the response to levodopa treatment was smaller in patients with late onset of the disease is compatible with the assumption that ageing increases the severity of non-dopaminergic lesions of the brain in PD patients. Accordingly, two forms of the disease may be distinguished: a young-onset form, characterised by severe and selective degeneration of dopaminergic neuronal systems (that we suggest should be called a "pure or predominant dopaminergic" form of the disease), and a late-onset form with additional non-dopaminergic lesions that may account for the decreased response to levodopa treatment in this group. Such a clearcut distinction cannot be generalised, however, since several patients with late-onset of the disease responded well to levodopa treatment and vice versa (fig 1) . What part of the motor symptomatology is supported by the putative additional non dopaminergic lesions seen in older PD patients? The fact that almost all the individual residual subscores (akinesia, tremor, rigidity, postural instability and gait disorder) were more severe in late-onset compared with early onset PD patients suggests that the effect of levodopa on Parkinsonian motor disability is decreased as a reflect of additional brain neuronal lesions although other explanations can be proposed. The re-establishment of a normal striatal dopaminergic transmission by levodopa, that explains the beneficial effect of the drug in patients, may be attenuated by lesions situated either outside of or downstream from the nigrostriatal dopaminergic pathway.'0 Moreover, when the early-and lateonset groups of patients were matched for their global residual score (assessed when clinical benefit was maximal) gait disorder remained significantly more severe in the late onset group suggesting that this symptom may be the most dependent on non-dopaminergic lesions. This conclusion is in agreement with the weak response of gait disorders to levodopa therapy that has been repeatedly demonstrated in PD.29
